ABSTRACT
the microbial quality of fresh produce because foods such as leafy greens including lettuce and 24 spinach are minimally processed and often consumed raw therefore they often lack a microbial 25 inactivation step. This study characterizes the genetic and functional aspects of a mobile, 26 multidrug resistance plasmid, pLGP4, isolated from fresh spinach bought from a farmers' 27 market. pLGP4 was isolated using a bacterial conjugation approach. The functional 28 characteristics of the plasmid were determined using multidrug resistance profiling and plasmid 29 stability assays. pLGP4 was resistant to six of the eight antibiotics tested and included 30 ciprofloxacin and meropenem. The plasmid was stably maintained within host strains in the 31 absence of an antibiotic selection. The plasmid DNA was sequenced using an Illumina MiSeq 32 high throughput sequencing approach and assembled into contigs using SPAdes. PCR mapping 33 and Sanger DNA sequencing of PCR amplicons was used to complete the plasmid DNA 
INTRODUCTION

45
Recent studies (6, 12, 14) have highlighted the concerns associated with the presence of 46 clinically-relevant antibiotic resistance genes (ARGs) residing on mobile genetic elements 47 (MGEs) isolated from foods. The spread of antibiotic-resistant bacteria and clinically-relevant
48
ARGs from primary producers to consumers within the food chain is an emerging food safety 49 concern (14). Consumption of fresh produce has increased due to consumer demand for healthy 50 fresh products (15) therefore it is increasingly important to be aware of the microbial quality 51 of minimally processed raw produce. Fresh produce such as leafy greens including lettuce and 52 spinach are often consumed raw thereby lacking a defined kill step that would inactivate 53 microbial pathogens (22, 23) . The ability of mobile plasmids to carry and spread clinically 54 relevant ARGs including the quinolone resistance gene family qnr and extended-spectrum β-55 lactamases within minimally processed raw foods means that a comprehensive understanding 56 of the origin, diversity and prevalence of these plasmids is needed to help ensure food which 57 is free from microbial threats. As part of an ongoing study on the microbial quality of fresh 58 produce obtained from farmers' markets, we isolated a mobile, multidrug resistance plasmid 59 from fresh spinach, and report the genetic and functional aspects of the plasmid. 
MATERIALS AND METHODS
68
Spinach sampling and processing
69
Batches of freshly-harvested spinach were purchased on a weekly basis from a local farmers' . 150 g spinach samples were stored in individual large freezer bags containing 150 ml of 72 buffered peptone water (BPW). The freezer bags containing BPW and spinach samples were 73 masticated by hand for 3 min. 100 µl aliquots of the spinach peptone slurry were transferred 74 into 5 ml test tubes containing Luria-Bertani (LB) broth amended with 0.8 µg ciprofloxacin/ml.
75
Ciprofloxacin was used to enrich for ciprofloxacin-resistant bacteria that may harbour Plasmid isolation using a conjugation approach
80
Antibiotic resistance plasmids were isolated using a bacterial conjugation approach. Overnight 81 spinach enrichment cultures were used as donor cells with a sodium azide-resistant Escherichia 82 coli strain J53 recipient strain. 1 ml of donor and recipient cultures were centrifuged at 12,000 83 rpm for 3 min, washed twice with LB broth to remove ciprofloxacin or sodium azide from the 84 mating bacterial suspension and resuspended in 100 µl of LB broth. 100 µl of donor cells were 85 mixed with 100 µl of recipient cells and the mixture including 100 µl of donor and recipient 86 controls were spot-plated on MacConkey agar plates and incubated overnight at 37 °C.
87
MacConkey agar was used to select for a donor population of relevant enteric bacteria.
88
Bacterial matings were scrapped off and resuspended in 900 µl of sterile water. 100 µl aliquots 89 of the resuspension were plated onto MacConkey agar plates amended with 150 µg sodium 90 azide/ml and 0.8 µg ciprofloxacin/ml to select for transconjugants. Transconjugant plates were 91 5 incubated overnight at 37 °C and resulting E. coli J53 transconjugant colonies were screened 92 for the presence of antibiotic resistance plasmids using Eckhardt gel electrophoresis.
94
Multidrug resistance experiments and restriction digests 95 E. coli J53 transconjugant colonies were screened for multidrug resistance using Luria-Bertani
96
(LB) agar media supplemented individually with antibiotics at the following concentrations: 97 chloramphenicol (30 µg/ml), erythromycin (200 µg/ml), tetracycline (10 µg/ml), 98 spectinomycin (100 µg/ml), ampicillin (100 µg/ml), kanamycin (50 µg/ml), ciprofloxacin (0.8 99 µg/ml) and meropenem (4 µg/ml The functionality of the predicted heavy metal resistance gene region encoded on pLGP4 was 124 tested using the broth micro-dilution method of minimum inhibitory concentration (MIC) as 125 described by EUCAST (9). We modified this procedure for heavy metal resistance testing. The 126 modified procedure is briefly described; pLGP4-bearing E. coli J53 transconjugant and an E. OD 600 values were read at every 4 h interval. the lack of chloramphenicol resistance.
230
The plasmid encodes a large metal resistance module (33 kbp) (Fig. 1A ) that contained a cluster 231 of six genes putatively encoding for arsenic resistance, a silver-binding gene and 10 genes 232 putatively encoding copper, lead, cadmium, zinc and mercury resistance. In the presence of 233 copper at concentrations of 1.5mM and 3mM, the pLGP4 -carrying E. coli J53 had a consistent 234 and uniform increase in growth with high peak OD 600 values (Fig. 3) . E. coli J53 without the 235 plasmid grew steadily at 1.5mM copper, but its growth was significantly hindered at 3mM 236 copper (ANOVA; p < 0.05) (Fig. 3) . In the presence of silver at a concentration of 1.25mM, 237 the pLGP4 -carrying E. coli J53 had a steady and uniform growth increase (Fig. 4) . The 238 pLGP4-carrying E. coli J53 began to grow steadily at 2.5mM silver after 12 hrs of incubation 239 (Fig. 4) . E. coli J53 without the plasmid grew steadily at 1.25mM silver, but its growth was 240 significantly hindered at 2.5mM silver (ANOVA; p < 0.05) (Fig. 4) . plasmid is related to a common plasmid ancestor along with other members of the pKPN3-like 272 plasmid family (Fig. 1A, Fig. S1 ). pKPN3 is distantly-related to pKPSH, p6234 and pLGP4
273
( Fig. 1A, Fig. S1 ). These pKPN3-like plasmids were characterized by a distinct structural 274 arrangement, having an accessory module that contained all the antibiotic resistance genes and 275 the backbone module that contained the plasmid conjugative transfer, replication and 276 maintenance genes. While the backbone module is highly conserved among members of the 277 pKPN3-like plasmid family (Fig. 1A) , the accessory modules of the plasmids are similar but 278 not identical.
279
The original bacterial host of pLGP4 is currently unknown. However, this plasmid belongs to (Figs. 1B-1D ).
292
The ability of mobile, multidrug resistance plasmids to be easily mobilized to other bacterial 293 species means the origin of pLGP4 cannot be accurately ascertained using comparative 294 genomics. The properties of this plasmid suggest it may constitute a threat to food safety and 295 public health if carried by bacteria capable of colonizing the human gut or transferred to 296 pathogens residing on produce that is intended to be consumed raw. 
